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BHPF Deep Learning for Space

e Space Computing Challenges

o Escalating demands for high-performance on-board processing

« Convert large volumes of raw-sensor data into actionable data
or scientific knowledge to overcome downlink bandwidth

« Enable real-time systems for autonomous spacecraft operations
o Unique constraints in size, weight, power, and cost (SWaP-C)
o Unigue hazards in radiation, vibration, thermal, and vacuum

e Deep Learning in Space

o Numerous opportunities for enhanced scientific methods,
autonomous operations, and intelligent space applications

o Deep learning is computationally prohibitive on traditional
radiation-hardened (rad-hard) processors
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e Computer Vision /
Machine Learning Process
o Assign labels to all pixels

o Pixels with same label share
semantic characteristics

o Output roughly resembles input

e Space Applications

o Science: Earth observations
and remote sensing

o Defense: reconnaissance
and infelligence gathering

e SegNet Model

o Convolutional neural network (CNN)
o Deep learning (86 layers)

o Encoder-decoder architecture
Encoder: classify objects

Decoder: upsample feature maps using
pooling indices

_ Semantic Image Segmentation

Roads Low Vegetation I Automobiles
Buildings Trees

Input Ground Truth | Output
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Encoder Decoder

|:| Convolution + Batch Normalization + ReLU . Pool . Unpool |:| Softmax
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- Semantic Image Segmentation

STP-H5/CSP

* CHREC Space Processor (CSP) CSPv1 Rev. B

o Multifaceted Hybrid Space Computer
e Hybrid system-on-chip (SoC): CPU + FPGA
» Hybrid architecture: COTS + rad-hard
* Robust design: Novel mix of COTS, rad-hard,
and fault-tolerant computing
o Operational on International Space
Station since Mar’17 on STP-H5/CSP ,
o Planned for numerous missions: : B s
NASA CeREs, Lockheed-Martin LuniR, (
and STP-H6/SSIVP

Fault-Tolerant Computing
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o Scatter-gather DMA (SGDMA)

» High-throughput streams of
multi-dimensional feature maps
« Interleaving & deinterleaving architecture
o ReCoN accelerator
+ High-performance CNN inferencing
+ Scalable, parameterizable, and optimized

! | Reconfigurable CNN |
i Accelerator
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Designed for accelerating parts of SegNet Model e

o Convolution, BatchNorm (BN) + ReLU, Maxpool, and Maxunpool
Scalable and Parameterizable [T @I AN
o Scale accelerator size to accommodate various platforms

o Parameterize accelerator to support various mission applications C°"t;;')'ef

Convolution

* Data-flow Optimizations
o Process pipelines in parallel m

o Maximize input/output stream bandwidths

Quantization Optimizations
o Reduce area overhead at small cost of reduced accuracy

| Feature Maps | Convolution | Feature Maps

BN + ReLU

Maxpool
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 Major Challenges Lie Ahead
o Escalating app demands in harsh environments
o Tightening constraints of platform, budget, process

* Hybrid Computing for On-board Processing

o Enable intelligent spacecraft
« Accelerate compute-intensive deep-learning applications
« Improve application performance and energy-efficiency

o Deep learning on-board

 Enable and extend spacecraft capabilities for science
and defense applications
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